June 5, 1970 The collective behavior of the interacting Bose system has been successfully described in terms of the density operator p(x) and the vel-ocity operator v(x), where the commutation relation has been given by [v(x) , p(x')] = !tali(x-x').
(1)
Garrison, Morrison and W ong,l> however, have recently shown that the commutation relation (1) is inconsistent with the nonnegative character of the density operator, and asserted that existence of the velocity operator which satisfies the relation (1) is not admissible. The point of their arguments is essentially equivalent to the wellknown theorem that canonical variables satisfying a canonical commutation relation have as eigenvalues all real numbers from + oo to -oo (e.g. see reference 2)). Their assertion is quite correct if one introduces the velocity operator as a canonical conjugate of the density operator itself defined by p(x)=cf;*(x)c{;(x) or by p(x)=(1/N) X2]aJ(x-ra). 3 l It is however a hasty conclusion to assert non-existence of the velocity operator which satisfies the commutation relation (1) . The interacting Bose system enclosed in a cubic box of volume Q is represented by the Hamiltonian h2 H= 2 m itk 2 ak*ak
where m is the mass of the Bose atoms and 11(k) stands for the Fourier transform of the interaction potential between two atoms. In this case, the total number operator N = 2]k ak *ak. is commutable with the Hamiltonian (2) and hence the total number of the atoms is strictly conserved. Therefore c;me can always restrict the Hilbert space to a sub-space f:JN, in which the total number of the atoms is :fixed to N and the number operator N is regarded as a c-number N. By virtue of the situation mentioned above, the density operator p (x) in the sub-space {> N is written as 4 
where the c-number N / Q indicates the positive mean density of the system. The density-fluctuation operator p' (x) in (3) (6) Transforming (6) in the x-space, we have
where
m-../N i<+o
One should note here that it is not the density operator p(x) but the densityfluctuation operator p ' (x) that is a canonical conjugate of the velocity operator v (x), and that the domain of definition of the operators in (7) is restricted to the subspace {JN· From the same argument with Garrison et al., we see from (7) that negative eigenvalues for the density-fluctuation operator p' (x) is permissible. This situation, however, is not a contradiction in contrast to the case when one uses the total density operator p (x), because one need not require the density-fluctuation to have non-negative character.
Although the commutation relation (7) seems at first sight to allow larger eigenvalues than the value of mean density Nj !J for the density-fluctuation operator, any eignvalue of p' (x) for a state in {J N is always smaller than that of mean density. Noting that, only in the sub-space {J N• the expansion in (5) is convergent and the commutation relation (7) can be defined, we see that it is meaningless to take matrix elements for the operators p' (x) and v(x) sandwiched by the states with different numbers of atoms. SJ Because of the fact that the mean density can be regarded as a c-number in {JN, we can write in {JN
which is the commutation relation (1) .
In conclusion, since the total number of atoms N can be regarded as a c-number so long as one restricts the Hilbert-space to the sub-space {JN, it is possible to define the velocity operator v (x) as a canonical conjugate variable for the density-fluctuation operator p' (x) and the commutation relation (1) does not produce any contradiction.
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